to heat up a system, and then to cool (quench) it below the critical temperature at which ordering sets in. In a slow cooling process, the system continuously equilibrates and thus reaches an ordered state that has few, if any, boundary defects. However, a sudden quench does not leave enough time for equilibration; as a result, many defects survive the quench. For example, when hot, liquid iron is cooled sufficiently slowly, electron spins in the metal align in a well-defined direction, thereby forming a ferromagnet that produces a strong magnetic field. Sudden quenches instead lead to randomly oriented spins and to magnetic domains that have zero net magnetization.
Pal et al. realized that they could implement and study the physics of the Kibble-Żurek mechanism even without the expense of heating or cooling a system. Their ingenious idea is to arrange 10-30 identical lasers in a ring-like setting, so that each laser couples only to its two nearest neighbours through a spatial overlap of their beams. Because fabricating many identical lasers would be difficult, the researchers instead devised a system that uses a single laser cavity, in which light is bounced back and forth between two mirrors. Within the cavity, the authors placed not only the gain medium necessary for light amplification, but also a mask with holes punched in the form of a ring (Fig. 1) . Each light beam that passes through one of these holes forms an individual laser.
The coupling between lasers was achieved by moving one mirror a short distance away from the mask; this creates an overlap between neighbouring beams such that light approaching the mirror through one hole gets reflected back through a neighbouring hole. Such coupling also causes some of the light to be lost, and so the entire system of coupled lasers naturally self-adjusts to find the optimal state that allows it to lase most efficiently. This lasing state radiates out through the second, slightly transparent mirror, producing a laser beam that has a specific spatial profile, which Pal et al. observed and analysed in their experiment.
The authors' system resembles an arrangement of guests at a round dinner-table. If the table is set such that each wine glass is placed halfway between the neighbouring dishes, then the first guest who picks up a glass from either the right or the left side of her dish determines which glass the neighbour on her right or left has to pick up. The first choice thus propagates from one guest to the next, until every guest has a glass within reach to drink from. In the context of the Kibble-Żurek formalism, one would say that the first guest's choice induces a 'spontaneous symmetry-breaking transition' , because the overall symmetry of the table setting is broken by the assignment of each wine glass to a specific guest.
Cases in which some guests take the left wine glass and the others take the right are forbidden, because this would leave at least one guest without a glass. Similarly, the coupling between neighbouring lasers forces them to have a well-defined phase relationship (which defines where the peaks and troughs of one laser's light waves are with respect to those of another). It turns out that only the solution in which all the lasers have exactly the same phase is truly stable.
Nevertheless, the coupled lasers can still get stuck in less-stable arrangements -in perfect analogy to the boundary defects in the KibbleŻurek formalism. To test the probability of getting such a defect solution, Pal and colleagues increased the number of lasers in the cavity, and the degree of light amplification in the gain medium, both of which increase the likelihood of a defect solution occurring. In this way, interesting analogies can be drawn between the relevant laser parameters and the cooling rate in a thermodynamic quench.
Because the number of coupled lasers is much smaller than the number of atoms in a macro scopic system, Pal and colleagues' experiment has the remarkable feature of allowing the Kibble-Żurek mechanism to be probed at the microscopic level, as a system involving several coupled elements (rather than as a continuous system). The ring arrangement provides only a one-dimensional model of the mechanism, however, and thus restricts the comparisons that can be drawn with the situation encountered in cosmology. An extension of the experiment to a 2D laser array would thus be the natural next step.
One of the most promising aspects of Pal and colleagues' work is that it will build a bridge between research communities that typically interact little with each other -such as optical scientists and cosmologists. Another is that the experimental set-up might serve as an analog computer that can solve challenging optimization problems efficiently 7 . The system could also be an ideal testing ground for studying hot areas in laser theory, such as the occurrence and topological aspects of 'exceptional points' 8 . T he heterogeneity of the diverse and evolving mosaic of cells that form a tumour can be a major clinical problem because it means that some cells might dodge the effects of treatment. It has been proposed [1] [2] [3] that cancer stem cells (CSCs, also known as cancer-initiating cells), which can be genetically identical to other cells in the tumour, are distinguished by key functional properties, including their capacity to self-renew and to initiate tumours. CSCs exhibit stem-cell-like characteristics and are considered to be responsible for the ability of tumours to spread to other parts of the body and develop resistance to chemotherapy and radiotherapy [1] [2] [3] . On page 227, Lan et al. 4 provide insight into the role of CSCs in brain tumours, monitoring the division patterns of individual cells to investigate their fate and how cellular heterogeneity can arise.
The selection pressures that a cancer is under, including possible exposure to anticancer therapeutics, can drive the evolution of tumour-cell heterogeneity following the Darwinian principle of the survival of the fittest. Moreover, neutral evolution -random genetic changes in a population -can be a source of heterogeneity in the absence of a selective pressure 5 . Cellular diversity is crucial for cancer because it provides a tumour with the versatility to adapt and survive in a selective environment 6 . The origin of tumour-cell heterogeneity resides either in genetic differences between cells or in non-genetic differences, such as epigenetic alterations (which can include several types of change, including those that affect DNA or the proteins that bind DNA) that are related to the maturation state of a cell, known as its differentiation state 7 . Cells in tumours can accumulate different mutations as the tumour grows, which increases genomic diversity 5, 8 . Also, the differentiation state can lead to a heterogeneous cell population through a process known as hierarchical differentiation, which can occur when a subpopulation of CSCs gives rise to morespecialized descendants that have diverse capacities to proliferate, self-renew and differentiate [1] [2] [3] . Lan and colleagues decided to study intratumour heterogeneity by labelling cells from patient-derived brain tumours called glioblastoma using a technique known as DNA barcoding. In this approach, a small, unique DNA sequence is introduced into a cell that enables that cell and its descendants -a clonal lineage of cells -to be tracked (Fig. 1) . The authors used this approach to monitor the clonal evolution of individual human tumour cells that were transplanted into the brains of immunodeficient mice that do not reject human tissue. The authors used this system in a series of tumour transplantation experiments. By measuring the number and the size of clones after rounds of transplantation, the authors found that the number of cells that are able to initiate glioblastoma tumours was greater than expected.
The researchers showed that clone size was distributed in a broad pattern following a negative binomial mathematical distribution. This indicated that the clonal dynamics were the result of a neutral process within an equipotent population of tumour-initiating cells, rather than dependent on the intrinsic fitness of specific cellular clones. This finding has important implications because it suggests that the genomic diversity within a tumour does not affect the tumour-initiating capacity of cells. The growth of each cancer clone depended more on the CSC hierarchy of cell divisions than on genomic heterogeneity. More studies will be needed to assess whether this phenomenon is a feature of all cancers or whether it depends on the specific genomic heterogeneity of the tumour. For example, tumours with different numbers and complexities of genomic subclones should be tested.
The negative binomial dependence of clone size observed by Lan and colleagues was consistent with a model in which clones generated by a slow-cycling stem-cell-like population of cells give rise to a rapidly dividing progenitor population that subsequently produces shortlived, non-dividing differentiated cellular descendants. Similar results have been reported 9 in mice using a cell-lineage tracing approach, and the findings also recapitulate the pattern observed during the differentiation process of radial glial cells during the normal development of the nervous system 10 . Lan et al. observed a hierarchical differentiation pattern in glioblastoma that mimicked the differentiation pattern observed in healthy tissues. Other groups have reported 1 that the CSC hierarchy can be bidirectional, such that differentiated cells can 'revert back' to stem-cell-like cells. Although this was not observed by Lan et al., it would be interesting to assess whether this could happen in their model under certain specific conditions -for example, if the CSC compartment was depleted after drug treatment.
The authors assessed how temozolomide (TMZ), a DNA-damaging agent used as standard treatment for glioblastoma, affected clone initiation and evolution. From this analysis, the authors identified two distinct clonal groups: those that were sensitive to TMZ; and some that became enriched in the cell population on TMZ treatment. By contrast with the results previously obtained using cell-lineage tracing in mice 11 , the authors found that the size of TMZ-sensitive clones maintained a negative binomial distribution, indicating that TMZ does not affect their proliferative hierarchy. However, the fact that some clones became enriched suggests that some CSCs might be responsible for clonal evolution in response to TMZ. These results indicate that there might be two functionally distinct CSCs present in the tumour that have different responses to TMZ.
The authors also investigated whether CSCs can be targeted therapeutically. Because the CSC-induced diversity was a process of differentiation and hence of epigenetic regulation, they tested whether the resistant clones could be tackled with compounds that target epigenetic modifications. Using an in vitro drug-screening approach, the authors found that TMZ-sensitive clones could be targeted by a molecule called MI-2-2. MI-2-2 interrupts the interaction between the proteins menin and MLL, and thereby inhibits a complex that can regulate the epigenetic state of the cell. The TMZ-resistant clones could be targeted by an inhibitor of the protein EZH2, which also has a role in epigenetic regulation. Treatment with both compounds eradicated the in vitro selfrenewal capacity of the CSCs.
Although evaluation of this reported phenomenon in other model systems and in different tumour types is certainly warranted, Lan and colleagues' work has demonstrated that a proliferative hierarchy of CSCs can be a source of intratumour heterogeneity. However, this model of human tumour cells transplanted into an immunodeficient mouse has limitations. For example, the model lacks the normal immune-system response, which could affect subclonal genomic evolution. Furthermore, the time span of the experiment differs from the reality for patients, and the process in the mouse model might be too rapid for genomic clonal evolution to work. Moreover, the transfer of tumour cells into the mouse brain might prevent the formation of the correct tumourcell niche and microenvironment, which could also have an effect on clonal dynamics. Nevertheless, this study constitutes a breakthrough in our understanding of tumour heterogeneity and puts the spotlight on CSCs as possible therapeutic targets for glioblastoma, and perhaps even for other tumour types with a similarly poor prognosis. ■ with pre-industrial times (1851-.80). When projecting climate, such 30-year averages are used to present estimates. Scenarios of warming are constructed with respect to pre-industrial times, but because of lack of information it is necessary to begin glaciological simulations at the present day. In these six simulations, HMA glaciers suffered more warming (2.1 °C) than the global average (1.5 °C) and there was substantial variation between subregions -from warming of 1.9 °C in the Eastern Himalaya to warming of 2.3 °C in the Hindu Kush mountain range.
Considerable parts of HMA glaciers are covered by a layer of debris, caused by the erosion of material surrounding the glacier. Depending on its thickness, this debris can either suppress or accelerate glacial melt. Meltwater ponds on glacial surfaces can also enhance mass loss (Fig. 1) . Kraaijenbrink et al. therefore developed a glacier model that incorporates the effects of both debris and meltwater ponds. They then used satellite imagery to measure the extent of these features on more than 33,000 HMA glaciers -those with an area larger than 0.4 square kilometres -accounting for almost all of the ice in the region.
Next, the authors calculated the present-day mass of the glaciers using a model 4 called GlabTop2. They estimated that there are almost 5 × 10 12 tonnes of ice currently stored in HMA glaciers -substantially less than the amount suggested by some previous estimates 5 . Finally, the authors combined their glacier model with projected temperature and precipitation changes from the climate simulations to determine the glaciers' long-term evolution.
Kraaijenbrink et al. show that about twothirds of the ice currently stored in HMA glaciers will be lost by 2071-2100 if no efforts are made to prevent climate change. This corresponds to RCP8.5, and is the track on which we are currently travelling, despite signs of moreinvigorated policy-making relating to climate. By contrast, the authors find that only about one-third of the ice will be lost if the 1.5 °C target is achieved. Substantial differences in precipitation changes across the 110 climate simulations have no marked impact on their projections.
One of the authors' most striking findings is that the mass loss is directly proportional to the warming to which the glaciers are exposed (Fig. 2) . In particular, their results suggest that about 7% of HMA ice would be retained for every 1 °C of averted warming. If there was no warming between 1851-1880 and 2071-2100, about 22% of the present-day ice mass would
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The future of Asia's glaciers Glaciers in the high mountains of Asia are a crucial water resource, but are at risk from global warming. Modelling suggests that the glaciers will shed mass in direct proportion to the warming to which they are exposed. See Letter p.257 
